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Shady areas:

The arearof

The area of

We are able to find the area under the graph through calculating the area of the
trapeziums under it. Through having numerous trapeziums under the curve the amount
of uncertainty within the answer decreases this is due to the uncalculated area
decreasing. | will be investigating and proving this theory from using the function

g(x) = x4+ 3 and to find out the area of the frapezium | will use this formula

A=h{{a+b)/2p

Graph sh

frapeziums

|

ows the liney = x? + BM «—
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Graph shows the line v = x? + 3 with one

trapezium

As seen from the graph the area between the curve and the trapezium is also being
calculated when trying to find the area under the line v = x? + 3 therefore we are

expected to get a higher number then the area it's self. But increasing the number of
frapeziums on the graph from 1 to 2, the uncertainty for area decreases. This can be
seen from the graph below.
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Therefore through increasing the number of frapeziums within the graph the uncertainty
of the answer will decreases and so will the number for the area will decrease, as the
trapeziums will over-estimate the number for the area. To prove this | will have to
calculate the actual area under the curve through using integration.

J:(_)-' =x2+3)

13 0?
Area = [? + 31 + [? +3(0)],

Area =73

Wi =

| will use the area that | have calculated through integration to prove that the
trapezium rule works or gets very close to the actual number. | will base the answers |
find from the trapeziums to the one | have found out as it's an accurate estimate to
have as a control.

I will now go on to find out how the increase in trapeziums can affect the number | will
receive from calculating the area. | will use autograph to draw out my graphs, and | will
use excel to help me calculate the area of each frapezium.
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This graph shows how | will

measure the trapeziums using the
- ra+by Trgpezium

G
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Ay = (0.5 (3'25; 3)) i (&5 (4 +23.25))

A, =3.375

Lk o
My hypothesis is supported from looking at the accuracy of the answers, from
infegration and comparing that to the answers from one trapezium and two trapeziums.
The area under the curve got more accurate by 0.125, which in this case could seem to
be significant.

+ FJ)}E + (a + b)h

ar=0 (P @ (e o5 :

h—1

4
T
Yaozs = 0.25% +3

¥zos = 0.52 +3

¥ao7s = O.?Sz +3

T 0.7578125
T2 0.7890625
13 0.8515625
T4 0.9453125

Ay = 07578125 + 0.7890625 + 0.8515625 + 0.9453125

Ay = 3.34375
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A5=(h(ﬂ
P

5
Yo =x%+3
Yaoz = 027 +3
Vapa =047 +3
Yaos = 0.6% +3
Yaoe = 0.8% +3

T

T2

T3 T4 T5

P+ (52Da+ (35

et (52 Pat ()

Number of Area for each
frapeziums frapezium

T 0.604

T2 0.62

T3 0.652

T4 0.7

15 0.764
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Ay =0604 + 062 +0.652 +0.7+ 0.764

Ay =334

To conclude the area underneath the curve got more accurate with more trapeziums
added into the graph. And as stated, it is due to the over-estimation of the area with
the trapeziums, but adding more within the graph reduces that over estimation.

Number of

frapeziums Total area
T1 3.5
T2 3.37
T4 3.34375
15 3.34

I have noticed there is a relationship between the number of frapeziums within the
graph and the areas that they produce. The table below will show the differences in
the areas that each number of frapeziums produces.

Number of Total
frapeziums Total area difference
T1 3.5 0

T2 3.37 0.125
T4 3.34375 0.03125
T5 3.34 0.00375

When we take the total difference and square it, then add the two of the same
squared differences.

T2-T1=337—35
T4—T2 = (T2 —T1)2+ (T2 — T1)?

T4 —T2 = (0.125)2 + (0.125)2
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T4 -T2 =0.03125

Therefore by finding the potential “total difference” and have the total area be
subtracted from the found total difference, we will be able to find the next total area.

Part 2

So the very basic idea behind finding the area underneath the line is through finding to
how many frapeziums to separate the X axis into, which is deciding upon how much
height each section will have. Then finding the trapeziums area through doing the

A= h('ﬁb). Therefore for example when we are trying to find the area with 5 frapeziums

=
£

the formula will be:

AEZ(h(ﬂ;b))+(h(a;—b))+ (h(a;b))Jr (h(a;b))_l_ (h(azb))

But when we have this equation in ferms of x we get:

o () (222 (29) - (32 (252)

Therefore it's basically just plugging in the numbers into the equation above, for example for ¥ ;
vou will have to find that length therefore vou plug the 0.2 intfo the given equation, for this
example it’s,

Vo =x243

when we find the number of that X co-ordinate we can then plug it into the equation,
and repeat the process with the other lengths. But his is not a general formula, where |
will have to change the . to f(x) and the different x axis sides, where the f{x) wil be

used, which will give me this formula:

e (h (£ ;rf'ix}:}:) . (ﬁ (e :f-:x},}:) . (h (£ :ﬁ:x}:}) . (ﬁ (F2 -sz'ixju):) . (ﬁ (£ :f-:x},})

To simplify this equation | will simplify one part of it as it correlates towards the rest, as to
use that part as an example:
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1
As=h (; (Fl), +fu:x:|._:|)

Therefore we are able to factorize this equation as 2 and h as repeated throughout the
equation which will give us this:

Ag = h(%(f(x}n + flx)o2) + (F(xoz + Fx)oa) + -+ (F(x)as + F(x)))

This is still not a general explanation to the formula, as its still focused on one example, therefore
to change this example so that it can be used with any number of trapeziums, we have to
change the height as it has fo correlate with the length of the x-axis and the number of times
that x-axis will be split. Simply we are able to change h to % where "b-a"” will give us that length

of the x-axis where they want to measure the area from, essentially the upper and the lower
limits of their search for the area. “n" in that equation is the number of trapeziums that we want
to use. Therefore together, "b-a” will be split by the number of frapeziums someone wanfts to use,
therefore giving us height for the trapezium.

As = ? ":% (F(x)o + Flx)ez) + (Fl)oz + F(X)ea) + -+ + (F(x)ge + F (1))

We can further simplify this equation into:

b

5=

—al

m (E (f(x)o +2f(x)oz + 2f (xX)g.s + -+ 2f (x)gg + f(x)1)

We are able fo do this because, the numbers repeat twice throughout the equation
apart from f(x)iand f{x)s though by doing so, we are just making it simpler to use, but

to make it more general we will have to replace f{x}; with g{x}itherefore transforming
the equation into this:

A =72 G (9o + 29 ()s +29(x)z + -+ 29 (s + 92),))

“..." in the formula is used as an uncertainty to how many trapeziums the user will have
on his graph, therefore they have to continue depending adding until they reach the
third last trapezium. Until reaching “n-1" where n is the number of frapeziums, this will
allow the equation to substitute the uncertainty of the number of trapeziums within the
equation. Though we are able to further simplify this equation to:

h —

(90 +29(:)1 +29 () + -+ 29(D) -1+ 9(),)

An=—5—

b-a

Asis wass Smply === = 2« (g(x), +29(x), +2g(x), + - +2g(x),_, + g(x),)

i
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Therefore the most general formula is:

h —

(90 +29(:)1 +29 () + -+ 29(D) -1+ 9(),)

=

Consider the areas under the following three curves, from x=1 to x=3:

x 2
y=G)

y=4x% —23x% + 40x — 18

X % 29
1 0.629960525 -
1.25 | 0.731004435 | 1.462009
1.5 0.825481812 | 1.650964
1.75 | 0.914826428 | 1.829653
2 1 2
225 | 1.081687178 | 2.163374
2.5 1.160397208 | 2.320794
2.75 | 1.236521861 | 2.473044
3 1.310370697 -




‘ Marked by Teachers

15 2

An= %{g(x}u +2g(x)1 +2g () + -+ 29(x)n—1 + 9(x),)
—1

A= 2(8)

(g1l + 2g(1.25), + 2g(1.5); + 2g(1.75)3 + 2g(2)4+ 2g(2.25)5+ 2g(2.5)+ 29(2.75)p_y + g(3)e)

A :i.jD.62996D525+ 1.462009 + 1.650964 4+ 1.829653 + 2+ 2.163374 4 2,320794 + 2.473044 + 1.310370697)

2
4g = 7 (15.84016906)

A =108
3 0x?
R
X v 2y
1 2.846 -

1.25 4.249 | 8.498

1.5 5756 | 11.512

1.75 7.835 15.67

2 8.731 | 17.462

2.25 10.09 | 20.18

2.5 11.335 | 22.67

2.75 12.469 | 24.938

3 13.5 -
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1 15 2 25 3

b—a
Ay = o (g(x)o +2g(x)1 + 2g(x)z + -+ 2g9(x) -1 + g(x),,)
Ag= Z{_—B,::'{g[ljn +2g(1.25), + 2g(1.5); + 2g(1.75)s + 29 (2)4 + 29(2.25)5 + 29(2.5)5 + 29(2.75)g_y + g(3)g)

2
Ag= - (2.846+5.498+ 11512+ 1567+ 17.462+ 20.18 + 22.67 + 24935+ 135)
Ag = 17.1595

y=4x% — 2357 + 40x — 18

1.25 3.875 7.75
1.5 3.75 7.5
1.75 3 6

2.25 1.125 2.25
2.5 0.75 1.5
2.75 1.25 2.5
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b—a
Ap = Sn (g(x)p +2g(x)1 + 2g(x)z + -+ 2g(X)p—1 + g(x),)
-1
Ag = 37 (8 (1) +29(1.25); + 29 (15); + 29(1.75)+ 26 (2)4+ 2(2:25)5+ 2 (2:5)5+ 29(275)g-1 + §(3)o)
3—-1
Ag= ﬁig +7.75+75+6+4+ 225+ 1.5+ 2.5+ 3)
Ap=4.6875
x 2
¥y= {EJ'
'-!/.I’__: ~ N
= 7 =1.350
I 34
_ Q=
M=
3 g_r:
( =17.026
1 Wxi+ 0

v =4x® —23x% + 40x — 18



‘ Marked by Teachers

i‘ 4x? — 23x? + 40x — 18 = 4.667

| used the GDC fo find these areas, as it gave me a precise number to which | can compare the
trapezium rule's areas with the one calculated with a GDC using integration. Where | pressed
Y=(placed in the equation), pressed graph, then second function trace, 7: [ fix)dx, selected the

lower limit to be 1, and the upper limit to be 3, then pressed enter to find the area between the
limits.

Area
Difference
Y= Trapezium | Integration
0.0007
x 2
y=GF
1.08 1.2807
0.1335
O’
IR
17.1595 17.026
0.0205
¥ =4x? — 23x + 40x — 18
4.6875 4.667

The frapezium rule came to a close proximity with its approximations, with only small differences
between the actual area, and the estimation. Though increasing the number of trapeziums used
within the equation would increases the accuracy of the answers.

The scope and limitations:

In this graph the trapezium rule
will overestimate the area
under the curve.

-
&

y=x
Lower limit: O

Upper limit: 3

N: 3
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The way that the rule will be limited or even not work is through the sin curves, as they fluctuate
between the x-axis, the areas calculated will be difficult to do, as the sides of the graph go from
a positive number, to a negative, therefore canceling each other out.

The area in the positive side of the
v-axis will cancel out with the
negative v-axis. Therefore if the
general formula is not changed to
complement this, then it will not

y = sin (x)

Lower limit: 0

o . - Upper limit: 6
Another limitation to the rule is when the graph is iregular, an or the

pver/underestimations from the rule will increase as the iregull N: 8 ulty in
“estimating the curving parts of the graphs. Even through incredsmg The numbper ot rapeziums
within the graph the uncertainty is still great.
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¥y = sin (x?)
Lower limit: O
Upper limit: 5

N: 8

Another limitation is an isotope, where the line does not fouch the axis, therefore makes it
difficult to calculate the lengths for the frapeziums. Which makes it impossible to do, but if it's
done then the uncertainty for the area found will be high.

5Ty {

Lower limit: O
Upper limit: 5

N: 8




